Arabidopsis and tobacco, the dissected leaves of toResults: Here we show that reduced activity of the gibmato plants express KNOX genes. This expression patberellin (GA) growth regulator pathway promotes meritern, combined with the increased leaf dissection obstematic activity, both in the natural context of KNOX tained by overexpression of KNOX genes in tomato, has function in the SAM and upon ectopic KNOX expression led to the suggestion that differential regulation of KNOX in Arabidopsis leaves. We show that constitutive signalgenes is involved in the generation of dissected leaf ing through the GA pathway is detrimental to meristem morphology [12, 13]. This idea has been reinforced by maintenance. Furthermore, we provide evidence that a recent study demonstrating that KNOX expression one of the functions of the KNOX protein SHOOTMERIearly in leaf development correlates with the generation STEMLESS (STM) is to exclude transcription of the GAof a complex leaf body plan across a broad spectrum biosynthesis gene AtGA20ox1 from the SAM. We also of vascular plants [14]. demonstrate that AtGA20ox1 transcript is reduced in Here we show that a reduction in GA signaling or the pkl mutant in a KNOX-independent manner. Morebiosynthesis promotes KNOX-dependent ectopic meriover, we show a similar interaction between KNOX prostematic activity in Arabidopsis leaves. Conversely, eleteins and GA-biosynthesis gene expression in the tovated GA signaling antagonizes KNOX function both upon ectopic expression in leaves and in the natural domain of KNOX expression in the SAM. We also dem- 
KNOX interactions genetically by determining the consequences of KNAT1 misexpression in a spindly (spy) mutant background that confers constitutive GA signaling [18] . When 35S:KNAT1 plants, which exhibit highly lobed leaves [4] , are homozygous for the spy-1 mutation, both the number and depth of lobes is suppressed (Figures 1C and 1D ).
Blocking GA Signaling Enhances the as1 Mutation
Given that exogenous GA and elevated GA signaling suppress the effects of KNOX misexpression, we examined the effects of reduced GA signaling and biosynthesis on phenotypes conditioned by the asymmetric leaves1 (as1) mutation [19, 20] . The AS1 locus encodes Confocal microscopy of 10-day-old seedlings shows that this defect in organogenesis is due to a loss of meristem activity. spy-5 and wild-type seedlings initiate a SAM of similar dimensions at a position above the junction of the cotyledon and hypocotyl vasculature ( Figure 4G). In contrast, stm-2 initiates a smaller meristem in the cotyledon axil (Figure 4H ). stm-2;spy-5 seedlings lack any evidence of organized meristems ( Figure  4I) . Small, brightly staining cells typical of meristematic activity are completely absent from the apex of these double mutants. Rather, the cells in this region are large and vacuolate, characteristic of the differentiation that occurs in the strong stm-11 allele ( Figure 4J) .
In addition to a loss of meristem activity, the cotyledons fail to separate in stm-2;spy-5 double mutants (as described for stm-1 [28] and stm-11 [30] ). This fusion along the cotyledon petioles is significantly enhanced in the double mutants in comparison to stm-2 individuals and is greater than that seen in stm-11 individuals (Figures 4K-4N from the SAM ( Figure 5C ). In contrast, STM:GUS is expressed in the SAM and excluded from incipient and emerging leaf primordia (Figures 5B and 5D) . The stm-2 Phenotype Is Enhanced by the Constitutive GA Signaling Mutant spindly In order to assess the significance of this mutual exclusion, we analyzed the AtGA20ox1:GUS reporter in a We have shown that KNOX misexpression phenotypes in the Arabidopsis leaf are partially mediated by reduced stm mutant background. If STM is required to repress AtGA20ox1 transcription, then we would expect to see activity of the GA pathway. To determine whether this finding pertains to KNOX function in the SAM, we examelevated levels of GUS expression in an altered domain in the stm mutant. In wild-type seedlings, AtGA20ox1:GUS ined the effects of constitutive GA signaling (as conditioned by the spy-5 allele) on the weak stm-2 allele [28, expression is clearly excluded from the SAM ( Figures  5A and 5C ), whereas in stm seedlings intense expression 29]. stm-2 lacks an embryonic SAM but initiates meristems that have reduced organogenic potential and give is observed deep in the apex ( Figure 5E ). Levels of AtGA20ox1:GUS expression are significantly higher in rise to aberrant leaves and shoots ( Figure 4A ). Examination of stm-2;spy-5 double mutants revealed that constistm than in the wild-type; less than 3 hr of incubation with the chromogenic substrate is required to detect tutive GA signaling is detrimental to meristem function (Figures 4A-4D ). stm-2;spy-5 seedlings fail to recover staining in the mutant, whereas overnight incubation is required to detect staining in the wild-type. any organogenic ability and never produce leaves or a shoot ( Figure 4D) .
These results are consistent with STM being a repres- Table 1 , and our unpublished data), suggesting KNAT1 for AtGA20ox1 or partially divergent functions for these two KNOX transcription factors in the SAM. that this KNOX-induced repression of a GA-biosynthesis gene is likely to mediate the increased leaf dissection Future experiments, including analysis of the biochemical properties of different KNOX proteins, will help rein these mutants. To verify this result, we used the constitutive GA signaling mutant procera (pro) [34] . pro has solve this point. It is noteworthy that the regulation of GA biosynthesis is likely to be only one of the functions of KNOX proteins.
Construction of Double Mutants
This is suggested by the fact that exogenous application that, at least in tomato, this module functions within leaves to control the level of leaf dissection ( Figure 7B ).
SEM Analysis
This provides an example of how the redeployment of SEM analysis was carried out as previously described [42] .
an existing regulatory module through evolution could result in morphological innovation. 
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